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Table 1. Diagnostic Findings in 16 Patients 
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No. 
Age (yr) 
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Angiography 
Opening 
Fistula (or exit) 
Dtalated 
Coronary Artery 
by ?D-Echo 
Flow From Fistula by 
Color Flow Map 
L-R Shunt 
Ratio (%I 
9 
10 
II 
I? 
13 
14 
15 
16 
66F 
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4F 
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3F 
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39F 
9F 
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l9M 
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S6M 
+ 
t 
t 
t 
t 
t 
t 
RCA RA RCA 
RCA RA RCA 
LCA RA LCA 
RCA RA RCA 
LCA RV Absent 
RCA RV RCA 
LCA. RCA PA RCA 
LCA. RCA PA Absent 
LCA. RCA PA Absent 
LCA. RCA P.4 Absent 
RCA PA Absent 
LCA. RCA PA RCA 
LCA P.4 Absent 
LCA PA Absent 
LCA. RCA PA Absent 
LCA PA Absent 
RA 
RA 
RA 
RA 
RV 
RV 
PA 
PA 
PA 
ND 
PA 
PA 
PA 
PA 
ND 
PA 
70 
I7 
. . . 
4s 
* 
48 
I3 
. . 
. . . 
. 
. . . 
15 
. 
. . . 
. 
. . . 
*Ventricular septal defect coexisted. F = female; L = left: LCA = left coronary artery: M = male; ND = not detected: PA = pulmonary artery: R = right: 
RA = right atrium; RCA = right coronary artery: RV = right ventricle: !D-Echo = two-dimensional echocardiography; . = unmeasurable (shunt of <IO% 
magnitude) 
Ultrasound system. A commercially available Doppler 
color system (Toshiba SSH-65A or Aloka SSD-880) and 2.5, 
3.75 or 3.5 MHz transducer were used for this study. Pulse 
repetition frequencies of 4, 6 or 8 kHz were available. To 
obtain an adequate diagnostic depth, a pulse repetition 
frequency of 4 kHz was routinely used for Doppler color 
flow imaging. Both systems could display two-dimensional 
color flow images and M-mode color flow images simulta- 
neously, and a conventional waveform pulsed Doppler spec- 
tral display could be obtained under two-dimensional color 
flow imaging guidance. 
Echocardiographic examination. Two-dimensional echo- 
cardiography was performed to visualize a dilated coronary 
artery as described previously (1). The luminal diameter of 
the main coronary arteries by two-dimensional echocardiog- 
raphy was assessed as the distance between two walls 
of the coronary arteries (brightest points of the two parallel 
echoes) just distal to the ostia. Dilation of the coronary 
artery was judged to be present when the luminal diameter 
was >6 mm; our normal subjects had a diameter range of 3.5 
to 6.0 mm. 
Doppler color flow imaging was performed in all patients 
from the standard parasternal and apical approaches and 
nonstandard views when necessary. We tried to determine 
whether an unusual flow or a turquoise or mosaic-colored 
flow (that is, suggestive of disturbed flow) was present in any 
of the four cardiac chambers or the pulmonary artery. When 
turbulent flow was visualized, conventional single-gated 
pulsed Doppler echocardiography was performed guided by 
Doppler color flow imaging to verify the characteristics of 
flow velocities on spectral and audio output. For examining 
the timing of flow, M-mode Doppler color imaging was also 
performed. 
We used Doppler flow mapping during surgery for two 
patients with a coronary artery fistula exiting in the pulmo- 
nary artery to confirm successful ligation of the fistulous 
vessels. 
Results 
Detection of dilated coronary arteries. In the 40 normal 
subjects, the mean left main coronary artery luminal diam- 
eter was 4.9 f 0.6 mm (range 3.5 to 6.0). In contrast, 
two-dimensional echocardiography showed that the fistulous 
coronary artery was dilated (>6.0 mm) in 7 of the 16 patients 
with a coronary artery fistula. In these seven patients, the 
coronary artery tistula drained into the right atrium in four, 
the right ventricle in one and the pulmonary artery in two 
(Fig. I). 
Flow pattern in the coronary arteries. No abnormal color 
flow signals were visualized in the coronary arteries of the 
normal subjects. 
Abnormal color flow signals were visualized in five of the 
seven patients with a dilated coronary artery. When the 
sample volume was moved into the dilated coronary artery, 
a disturbed flow, mainly in diastole, was noted. 
Flow patterns in the right atrium. Doppler color flow 
imaging of the right atrium in the 40 normal subjects was 
characterized by normal inflow of blood from the superior 
and inferior venae cavae; this inflow was nonturbulent. 
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Blood flow entering the right atrium through the coronary 
sinus was visualized in 8 normal subjects, and mild regurgi- 
tation across the tricuspid valve was detectable in 23. 
In all four patients whose coronary artery fistula was 
Figure 2. Patient 4. Color Doppler echocardiogram from the para- 
sternal short-axis view of the aortic level, showing abnormal flow 
originating from an echo-free area and entering the right atrium 
(RA). LA = left atrium; RV = right ventricle; other abbreviations as 
in Figure I. 
Figure 1. Patient 4, Left panel, two- 
dimensional echocardiograms from a 
patient with a coronary artery fistula 
communicating with the right atrium, 
showing a markedly dilated right cor- 
onary artery (RCA). Right panel, The 
left main coronary artery (LCA) is 
visualized and is normal in size 
(arrow). A0 = aortic root. 
connected to the right atrium, abnormal systolic and dias- 
tolic blood flow was visualized by Doppler color flow map- 
ping in the right atrium (Table 1, Fig. 2). 
Flow patterns in the right ventricle. Doppler color flow 
imaging of the right ventricle in the normal subjects exhib- 
ited two components: right ventricular inflow and outflow 
signals. Right ventricular inflow of blood was seen in diastole 
as a prominent red signal indicating blood flow toward the 
transducer across the tricuspid valve. Aliasing appeared 
during early diastole (rapid filling) and during atria1 contrac- 
tion at the end of diastole. Diastolic inflow across the 
tricuspid valve was the only source of blood entering the 
right ventricle detectable by Doppler color flow mapping in 
the normal subjects. In systole, Doppler color flow mapping 
detected blood flow in the right ventricular outflow tract 
heading away from the transducer. Again, mild pulmonary 
valve regurgitation was detectable in 26 of the 40 normal 
subjects. 
In the two patients with a coronary artery fistula commu- 
nicating with the right ventricle, abnormal continuous flow 
was demonstrated in the right ventricle. In one patient 
(Patient 5), the communication was detected in the right 
ventricular apex (Fig. 3). 
Flow patterns in the pulmonary artery. In the normal 
subjects, systolic flow heading away from the transducer 
was recorded in the main pulmonary artery. In the central 
area of systolic flow, aliasing was seen in normal subjects 
when the flow velocity exceeded the Nyquist limit. Few or 
no flow signals were observed in the main pulmonary artery 
in diastole. 
Unusual flow was visualized in the main pulmonary 
artery in diastole in 8 of the 10 patients with a coronary 
artery fistula terminating the pulmonary artery (Table 1). 
The remaining two patients (Patients 10 and 15), in whom 
abnormal flow could not be detected, had no continuous 
murmur and a very small left to right shunt ratio. In four 
patients, flow was detected as a jet flowing away from the 
transducer and, in the remaining four, as a jet toward the 
transducer (Fig. 4A). These abnormal flows were constantly 
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Figure 3. Patient 5. Echocardiograms from a 
patient with a coronary artery fistula communi- 
cating with the right ventricle (RV). Right panel, 
Doppler color flow map visualizes an abnormal 
flow (in blue) from the right ventricular apex. Left 
panel, M-mode color flow image shows the flow is 
continuous. 
visualized in the small area just distal to the pulmonary valve 
and were detected as nonlaminar flows by conventional 
pulsed Doppler echocardiography (Fig. 4A). 
In Patients 12 and 13, Doppler color flow imaging was also 
performed during operation without using cardiopulmonary 
bypass. Before surgery, abnormal flow toward the transducer 
was visualized just distal to the pulmonary valve from the 
parasternal short-axis view (Fig. 4A). Again, intraoperative 
color flow imaging (Fig. 4B) showed similar findings. Incom- 
plete ligation of the vessels allowed abnormal flow in the 
pulmonary artery, but abnormal flow was no longer present 
(Fig. 4C) after complete ligation of the fistulous vessels. After 
chest closure, diastolic abnormal flow in the pulmonary artery 
was not detected by Doppler color flow mapping. 
Discussion 
Coronary artery fistula. Coronary artery fistula is a rare 
cause of a precordial continuous murmur. Definitive diagno- 
sis relies on cardiac catheterization. With recent advance in 
two-dimensional echocardiography, the root of the coronary 
artery is imaged noninvasively, and dilation of the coronary 
artery has been reported in cases of coronary artery fistula 
(1). Even with two-dimensional echocardiography, however. 
the opening (exiting) of the fistula cannot always be de- 
tected. 
In most cases of coronary artery fistula exiting into the 
pulmonary artery, the coronary artery is not dilated. In this 
study, we detected a dilated main coronary artery in 7 of 16 
patients, but 8 of the 10 patients with a coronary to pulmo- 
nary artery fistula did not have coronary dilation. The shunt 
ratio in patients with a coronary to pulmonary artery fistula 
is relatively smaller than that in patients with a fistula 
connecting with the right atrium or right ventricle (Table 1). 
This difference may explain why a coronary to pulmonary 
artery fistula does not appear to be larger than a fistula 
connecting with the right atrium or right ventricle. Thus, the 
diagnostic value of two-dimensional echocardiography is 
limited in coronary to pulmonary artery fistula. 
Flows at the site of intraluminal connection of the fistula. 
In 14 of our 16 cases, we visualized the abnormal color flow 
signals in the specific cardiac chamber demonstrated on the 
coronary angiography to be the entry site (or site of connec- 
tion) of the fistula. Thus, the abnormal flow signal was 
interpreted as flow in the recipient heart chamber from the 
entry site of the fistula. The high success rate of Doppler 
color flow imaging in visualizing unusual flows confirms the 
usefulness of this technique in detecting the connecting 
chamber of the fistula, and thereby diagnosing coronary 
artery fistula. 
With Doppler color flow mapping, abnormal or unusual 
flows in the cardiac chambers or great vessels can be 
visualized at an initial scanning. When abnormal flow is 
visualized, the flow from the specific site can be examined by 
conventional pulsed Doppler echocardiography under Dop- 
pler color flow imaging guidance. 
As previously described (2-8), conventional pulsed Dop- 
pler echocardiography can be used to detect flow velocities 
in the fistulous vessels and abnormal flows from the site of 
drainage in cases of coronary artery fistula. However, this 
method requires extensive operator experience, patience 
and skill. The major problems are that shunt flows are often 
confined to a relatively small area and require time- 
consuming examination of multiple sampling positions 
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Figure 4. Patient 12. Color Doppler echo- 
cardiograms before operation (A) and dur- 
ing operation. (B and C). A, From the 
parasternal short-axis view, abnormal di- 
astolic flow is visualized just distal to the 
pulmonary valve (right panel), and the 
flow is detected as a diastolic flow (in red) 
toward the transducer (left panel). B, In- 
traoperatively, these two images were ob- 
tained by manual freeze frame in diastole, 
placing the transducer on the main pulmo- 
nary artery (PA) before ligation of the 
fistula. In the long-axis view (left panel), 
abnormal flow is visualized in the main 
pulmonary artery. In the short-axis view 
(right panel), the abnormal flow is ob- 
served coming through the fistula into the 
pulmonary artery. C, After ligation of fis- 
tula vessels in several portions, the abnor- 
mal diastolic flow in the pulmonary artery 
is no longer observed (right panel). Left 
panel, normal systolic antegrade flow in 
the pulmonary artery. PV = pulmonary 
valve; RVOT = right ventricular outlet; 
other abbreviations as in Figures 1 and 3. 
within each two-dimensional view. Furthermore, if the sam- 
ple volume moves in and out of the flow area because the 
area is small, the pattern will contain artifacts. Thus, previ- 
ous pulsed Doppler studies failed to detect flows from the 
distal end of the coronary artery fistula. 
Limitations of Doppler color flow mapping. We failed to 
detect abnormal shunt flow in two adult patients with a 
coronary to pulmonary artery fistula. Both patients had a 
minimal shunt, and there was no coronary artery dilation or 
precordial continuous murmur. Most patients with a fistula 
initially detected by coronary angiography and lacking the 
characteristic murmur have a coronary to pulmonary artery 
tistula with a small shunt ratio (9,lO). In such patients, 
Doppler color flow mapping may fail to visualize the blood 
flow signals in the fistula and from the distal entry site of the 
fistula. 
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Intraoperative use of Doppler color flow mapping. We 
used the color Doppler system intraoperatively in two cases 
(Patients 12 and 13) with a coronary artery fistula communi- 
cating with the pulmonary artery. After complete ligation of 
several portions of the fistulous vessel, turbulent flow was 
not visualized by Doppler color flow mapping. It is best that 
a coronary artery fistula be surgically obliterated under 
cardiopulmonary bypass at the opening of the recipient 
cardiac chamber to permit complete closure of all fistulous 
tracts, although such closure is not always easily achieved. 
After this procedure, intraoperative use of Doppler color 
flow mapping may allow confirmation of complete closure of 
the fistula without use of cardiopulmonary bypass. 
Differential diagnosis. In the examination of adult pa- 
tients by noninvasive methods, it is necessary to differen- 
tiate coronary artery fistula from other diseases producing a 
continuous murmur, including persistent ductus arteriosus 
and ruptured sinus of Valsalva aneurysm. Doppler color flow 
imaging can easily differentiate coronary artery fistula from 
these diseases. In patients with a persistent ductus arte- 
riosus, shunt flow signals from the aorta into the main 
pulmonary artery are distributed along the wall of the main 
pulmonary artery from its bifurcation (II). However, in 
patients with a coronary artery fistula communicating with 
the pulmonary artery, flow signals from the distal end of the 
fistula are located in a small area distal to the pulmonary 
valve. In cases of ruptured sinus of Valsalva aneurysm, the 
aneurysm is often evident on two-dimensional echocardio- 
grams and flow signals originate from the sinus of Valsalva 
into the communicating heart chamber (12). 
Conclusions. Doppler color flow mapping proved to be 
highly useful in the diagnosis of coronary artery fistula by 
visualizing flow signals originating from the entry site of the 
fistula in the recipient chamber. Intraoperative use of Dop- 
pler color flow mapping may be useful in confirming the 
completeness of surgical ligation of the fistula. 
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